related to the Niño-3.4 index, so we do not address the asymmetry between cold and warm phases, nor do we distinguish between central Pacific and eastern Pacific ENSO, although these aspects might be important (Pozo-Vázquez et al. 2001; Garfinkel et al. 2013; Frauen et al. 2014; Feng et al. 2017) .
The extratropical atmospheric response to ENSO in the Northern Hemisphere (NH) winter is most prominent over the North Pacific-American (NPA) sector and is characterized by a Rossby wave train that arches northeastward [see Trenberth et al. (1998) and Alexander et al. (2002) for reviews]. Although this wave-like structure is often referred to as the Pacific-North American (PNA) pattern, it is actually in quadrature with the PNA and is more reminiscent of the Tropical-Northern Hemisphere (TNH) pattern (Nigam and Baxter 2014) . Despite the fact that the SST anomalies in the tropical Pacific are already strong in fall, this ENSO-forced Rossby wave train is not fully established until January (see Fig. 1c ; Bladé et al. 2008) .
While the impact of ENSO on the NPA region is distinct and strong, its effects in the NAE region are weaker and more challenging to demonstrate. Some studies have reported statistically significant signals in observational data and climate reconstructions, some of which have been qualitatively reproduced in numerical model simulations (Brönnimann 2007 and references therein; Herceg-Bulić 2012; Shaman 2014; Shaman and Tziperman 2011) . Generally, the wintertime El Niño impact in the NAE sector manifests as a meridional pressure dipole, with increased pressure to the north and decreased pressure to the south (see Fig. 1c ; García-Serrano et al. 2011) . However, there is still debate over the robustness and spatiotemporal characteristics of this teleconnection, and an incomplete understanding of the underlying mechanisms.
For the ENSO-to-NAE teleconnection, the classical explanation of a tropospheric Rossby wave A s a prominent component of the climate system on interannual time scales, El Niño-Southern Oscillation (ENSO) significantly affects the seasonal climate of many local and remote regions. Many studies have investigated the remote impacts and dynamics of ENSO teleconnections, mostly focusing on boreal winter. In comparison, we have a more limited understanding of the fall ENSO teleconnection and therefore may not fully recognize its potential importance. This article aims to highlight the late fall and early winter (November and December) ENSO teleconnection to the North Atlantic-European (NAE) sector. Exploratory analyses are presented, and a number of future research directions are proposed.
To the extent that the ENSO phenomenon is predictable, its teleconnections can provide a source of predictability for climate variability and change in the affected remote regions. A better knowledge of ENSO teleconnection dynamics may also motivate model improvements (Scaife et al. 2014 (Manzini et al. 2006; Bell et al. 2009; Cagnazzo and Manzini 2009; Ineson and Scaife 2009; Butler et al. 2014; Richter et al. 2015; Herceg-Bulić et al. 2017) . According to some studies, a realistic representation of the ENSO impact in Europe requires a model with a fully resolved stratosphere that is capable of simulating this chain of events (e.g., Scaife et al. 2014) . A "high top" model, however, does not guarantee a correct simulation of the ENSO signal, and some models regarded as "low top" produce realistic results. A number of factors contribute to the less distinct nature of the NAE teleconnection. Transient eddy feedbacks and air-sea interactions are important (Watanabe and Kimoto 1999; Pan 2005) , with North Atlantic SSTs playing a possible role in delaying the response to ENSO or modifying it to project onto the North Atlantic Oscillation (Herceg-Bulić and Kucharski 2012). A more general challenge for simulating ENSO impacts is the chaotic nature of the midlatitude atmosphere, which reduces the signal-tonoise ratio and limits predictability, also giving rise to uncertainty on what the real-world teleconnection actually is (Deser et al. 2017) . Finally, ENSO teleconnections may be modulated by multidecadal variability The ENSO signal in the NAE sector is known to exhibit intraseasonal variation (Fraedrich 1990; Moron and Gouirand 2003; Shaman 2014; King et al. 2017; Scaife et al. 2017) . In fact, the entire NH ENSO teleconnection evolves through the cold season, as seen in Fig. 1 , which shows regressions of 200-hPa geopotential height (Z200) onto the Niño-3.4 index. Interestingly, in November the signal is most defined and significant in the NAE sector and resembles the East Atlantic (EA) pattern (Fig. 1a ). December appears to be a transitional period during which the EA-like pattern weakens and anomalies in the North Pacific sector begin to develop (Fig. 1b) . Finally, in January and February, the canonical Rossby wave train response emerges in the NPA region (represented by February here; Fig. 1c ); in the NAE sector, instead the signal is now weak and indistinct, and it is largely not statistically significant. A Student's t test for statistical significance is performed gridpoint-wise (local test); field significance (p field ) (Wilks 2016 and references therein) estimates are also indicated (see caption). The p field value is the probability of obtaining, by a random process, a greater number of points that are locally significant than found in the pattern being tested (accounting for spatial autocorrelation).
The signals of interest are robust to the choice of averaging period and dataset. The monthly variance of Z200 data are, as expected, larger than the seasonal variance; however, the monthly regressions on the Niño-3.4 index can also be stronger than seasonal regressions because the teleconnection may be stronger in a particular month. As a result, the ratio of the regression magnitude to the total standard deviation in the NAE sector is comparable (maximum of 0.4) for monthly and seasonal means. The patterns shown in | discussed in more detail in King et al. (2017) , who investigate the spatiotemporal variability of this teleconnection and also show that two atmospheric models forced with observed SSTs qualitatively reproduce this fall ENSO signal. Figure 2 shows the October-April evolution of the ENSO-related zonal wind field. An altitude-dependent zonal wind anomaly time series was constructed after examining the zonal wind regressions on the Niño-3.4 index level by level. For the troposphere (below 100 hPa), we average over the central Atlantic (40°-50°N, 90°-0°W) ; for the stratosphere, we take the zonal average from 50° to 60°N, a choice that reflects the fact that ENSO zonal wind anomalies are more zonally symmetric and northward shifted in the stratosphere. In November, anomalous Atlantic westerlies extend through the depth of the troposphere [consistent with Scaife et al. (2017) and our Fig. 1a ] but are not associated with a preceding or concurrent signal in the stratosphere. This signal decays in 
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December and is replaced by tropospheric easterly anomalies that peak in February and, in contrast with the November signal, are accompanied by zonal-mean easterly anomalies in the stratosphere, which appear to develop as early as December. While the latter result is consistent with the notion of a downward stratospheric pathway in midwinter (Bell et al. 2009 ), the mechanism for the tropospheric-only ENSO teleconnection in late fall is not clearly understood. While a diagnosis of this signal is beyond the scope of this paper, we speculate that the marked differences between the late fall and midwinter ENSO teleconnection are due to a combination of differences in the background atmospheric flow and associated Rossby waveguide, the preferred mode of natural variability, and stratospheric preconditioning.
Over Europe, the temperature signal associated with ENSO is substantial in November (Fig. 3a) , with widespread positive anomalies across central Europe during El Niño events, which contrast with the weak and nonsignificant anomalies seen in later months (at least for the data examined here). For one standard deviation of the Niño-3.4 index, the associated temperature anomalies in November are up to 0.8 K across much of Europe (Fig. 3a) ; moreover, both the daily maximum and minimum temperatures increase by 0.8-1.0 K (not shown). As for the ENSOrelated precipitation signal, no significant anomalies are found from December to March. For November, some precipitation datasets [the Climate Research Unit Time Series (CRU TS) and Global Precipitation Climatology Centre, version 7 (GPCC V7) datasets, but not the European daily high-resolution gridded dataset (E-Obs 0.25°)] show a marginally significant (at the 90% level) signal in western Europe, such that a positive (negative) Niño-3.4 is associated with positive (negative) anomalies (Fig. 3d) . We caution, however, that establishing a relationship between ENSO and precipitation in areas outside the tropics can be challenging and problematic (van Oldenborgh and Burgers 2005) . Figure 4 shows the Z200 patterns related to Niño-3.4 in ERA-Interim (top) compared to the ECMWF System 4 (Sys4) seasonal hindcast (bottom) for the 1981-2012 period (15 ensemble members initialized on 1 November). The spatial correlation (poleward of 20°N) between the Z200 teleconnections in the two datasets increases from 0.41 in November to 0.62 in December and 0.72 in February, suggesting that the ENSO teleconnection might be better simulated spatially as winter progresses. In November (Figs. 4a,d) , ECMWF Sys4 overestimates the magnitude and spatial extent of the signal in the North Pacific. It also underestimates the signal in the North Atlantic, but the patterns are remarkably similar, including two small anticyclonic anomalies in the subtropical Atlantic. In February (Figs. 4c,f) , the centers of action of the ENSO anomalies are well simulated overall. More detailed analysis is needed to assess the general performance of models in simulating the ENSO teleconnection in the cold seasons and its transition from late fall to winter and to determine whether improvement is needed (see also question 2 below). The spatial correlations described above indicate how well the model simulates the ENSO teleconnection spatially over the hindcast period but not the model's prediction skill. To assess prediction skill, we can define a time series for the November EA-like pattern by taking the area-averaged 500-hPa geopotential height (Z500) in the region 20°-40°N, 90°W-0° minus the average in the region 50°-65°N, 60°W-0° (the two centers of the EA-like pattern) and then calculating its temporal correlation with the corresponding time series from ERA-Interim. The EA time series for the ensemble-mean hindcast and ERA-Interim are correlated at 0.75 (individual members' correlations: 0.20, 0.26, 0.33, 0.38, 0.4, 0.4, 0.42, 0.46, 0.47, 0.49, 0.5, 0.54, 0.54, 0.56, 0.66) . Commonly, the ensemble mean achieves a higher correlation with observation than any individual member because ensemble averaging has removed the unpredictable noise. Recently, Scaife et al. (2017) presented case studies for two strong El Niño episodes (a hindcast for 1982/83 and a real-time forecast for 2015/16) using the UK Met Office's GloSea5 seasonal prediction system. They showed that the model accurately predicts the strong anomalous westerlies in the central North Atlantic in November and December that led to intense rainfall across western Europe, as well as the transition to weaker westerly flow in January and February (see their Figs. 3 and 4) . Taken together, these results are encouraging because they suggest that the model can simulate the intraseasonal changes in the background flow, Atlantic SSTs, and other dynamical changes that occur in nature that lead to differences in the remote ENSO teleconnection across the cold season.
The basic analyses presented here indicate that the ENSO teleconnection to the NAE sector in November and December is both stronger and different than in January and February, with a distinct EA-like dipole pattern that is absent in midwinter. The ENSO impact on surface climate in this region also appears to be stronger in November. That the ENSO signal in the Atlantic varies from late fall to winter is not entirely a new result (e.g., Moron and Gouirand 2003) ; the added value here is we have shown that the atmospheric and surface climate differences are robust, that the former extends to the stratosphere, and that the signal is reproduced in the ECMWF Sys4. A corollary of our results is that conventional winter-mean (December-February or December-March) analyses may obscure important intraseasonal features of the ENSO teleconnection, as has been previously discussed (e.g., Bladé et al. 2008 ). Recognizing this, some studies have analyzed January and February means (Toniazzo and Scaife 2006; García-Serrano et al. 2011 ), which we hope will become customary practice.
The analyses and discussion presented in this article raise a number of outstanding questions: Studies addressing these questions already exist (see selected papers in "For Further Reading"), but these questions involve processes that are still not well understood. In our view, progress in research related to these issues has potential benefits for seasonal climate forecasts, attribution of climate impacts or events, and climate model improvement.
